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INTRODUCTION

During the last few decades, scientists have been studying
aggression under controlled experimental conditions in an attempt
to better understand its causes.
By presenting noxious or painful stimulation to infrahumans,
scientists have been able to elicit fighting between paired animals.
For example, electric foot shock has elicited fighting with mice
(Tedeschi, 1959), hamsters (Ulrich and Azrin, 1962), several strains
of rats (Ulrich and Azrin, 1962; Richter, 1950; Daniel, 1943; and
O'Kelly and Steckle, 1939), cats (Ulrich, Wolff, and Azrin, 1964),
and monkeys (Azrin, Hutchinson, and Hake, 1963).
These observations of aggressive behavior, though artificially
produced, closely resemble the aggressive behavior exhibited by
wild and domestic animals in their natural habitat (Lorenz, 1966).
This similarity with the aggressive behavior produced in the labor
atory would suggest the presence of aversive stimuli in the natural
environment leading to aggression.
Some of the aversive events which occur in the natural habitat
and which often lead to fighting are:

direct attack from a predi-

tor (Tinbergen, 1951), direct attack from members of the same
species over possession of a mate (Lorenz, 1966) or of territory
(Scott, 1958; King, 1955; and Zuckerman, 1932), or as the result
of limited space and food supply (Lorenz, 1966).
Another response, which often occurs under circumstances

1
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similar to those which produce fighting, is that of escape.
escape may take one of two forms.

Such

The first is frequently observ

ed in wild animals where an organism flees from an attacking
preditor.

This situation is characterized by the animal physically

removing itself from a potentially painful or aversive stimulus.
The second form of escape responding occurs when physical escape
from an aversive situation is blocked or otherwise prohibited and
the organism attempts to terminate the aversive stimulation by some
means other than fighting.

This latter form of escape is frequent

ly observed in human interaction where aggressive or direct attack
is prohibited; i.e., an individual may have to initiate a response
to remove an aversive stimulus.

A worker in a factory is being

reprimanded for poor work performance; so to escape this aversive
situation, the worker will explain the reasons for his poor show
ing and/or promise to do better.

An example of this form of es

cape among animal subjects is contained in an experimental study
by Delgado (1963) in which monkeys were trained to press a bar to
inhibit aggressive (aversive) looks and attacks from a "boss"
monkey.

Training animals to make this type of alternate response

instead of fighting was accomplished by a procedure known as
"successive approximation".

However, the effectiveness of the

alternate response in avoiding or escaping an aversive stimulus ~~
was not always complete; i.e., the individual would not make the
alternate response; thus, fighting resulted.
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Because of the pain inflicted in studies dealing with alter
nate or “substitute responses" (Dollard, Doob, Mowrer, and Sears,
1939) to fighting, the use of animal subjects has proven to be more
desirable than the use of human subjects.

Human subjects may bring

into the experimental situation an array of previously acquired al
ternate responses which may confound or contaminate a systematic
study dealing with the acquisition of alternate responses (Elbert
and Ulrich, 1966).

Therefore, infrahuman subjects appear to be

better suited for this type of investigation.
Initial studies of cooperative behavior to terminate a noxious
stimulus required paired albino rats to escape or avoid shock
(Ulrich, Stachnik, Brierton, and Mabry, 1965; and Ulrich and Craine,
1964).

In the Ulrich and Craine (1964) study, rats could escape

or avoid an electric footshock by exhibiting any behavior other
than fighting.

It was found that the fighting behavior did not

decrease, and it was determined that a more discrete response was
required.

Subsequently, a bar was introduced which, when pressed

by either animal, would terminate or prevent shock.

This design

was an escape-avoidance paradigm in which animals could avoid the
onset of shock by pressing a bar within 20 sec. of the last bar
press (Sidman, 1953).

After one animal was individually trained

to avoid shock, it was paired with a naive animal and placed in the
avoidance situation.

Initially, the avoidance responding decreased

as a result of long periods of fighting.

After a number (11) of

sessions, fighting significantly decreased and avoidance responding
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increased, although avoidance did not return to the level recorded
prior to being paired with the naive animal.

Similar results were

obtained in a study by Ulrich, et al (1965).
While the results of these studies demonstrated the effective
ness of alternate responses in controlling aggression with paired
animals in an avoidance situation, the question still remained as
to how effective an alternate response would be in an escape situ
ation where a pair of animals would have to take at least some
shock before a response would terminate an aversive stimulus.
In the first study dealing with cooperative escape (Ulrich,
1967), albino rats were individually trained to depress separate
bars to terminate shock.

Individual training on separate bars

was used in this study because it was noted from the previous
escape-avoidance studies (Ulrich, Stachnick, Brierton, and Mabry,
1965; Ulrich and Craine, 1964) that fighting behavior occurred
within the vicinity of the bar and thus, may have interferred with
responding.

Following this individual training, animals were

paired and placed in the escape chamber with a clear plexiglas
partition separating them.

Two bars were provided (one on either

side of the partition); and a bar press on each bar was required
to escape the electric footshock, thereby initiating a 20 sec.
shock-free',reward" period.

Results indicated that the efficiency

of escape behavior was maintained only when the clear plexiglas
partition separated the subjects; i.e., when the partition was
removed, the efficiency of the escape behavior significantly de
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creased and was replaced by periods of fighting.

However, some

escape responding did occur and with one pair of animals the fight
ing rate was as low as 2 per min.

Overall data indicated varia

bility in escape responding both within pairs and between pairs
concomitant with fighting, which would suggest the action of more
subtle variables influencing the cooperative escape behavior.
More specifically, it was felt that the subjects' orientation at
the onset of shock might be influencing the high incidence of
fighting as previously reported (Azrin, Ulrich, Hutchinson, and
Norman, 1964; Ulrich and Azrin, 1362).

These studies indicated

that when the subjects are (1) in close proximity, (2) in an
upright position corresponding to the stereotyped fighting posture
(Ulrich and Azrin, 1962), and (3) able to make actual contact
with each other, there is a high probability of fighting.
In the Ulrich (1967) study the two bars used for terminating
the shock were located side-by-side and in close proximity.

There

fore, in order for the animals to respond and thus terminate shock,
they also fulfilled the three requirements just listed which have
been shown to increase the probability of fighting.
Also, it was noted in the Ulrich study (1967) that the subjects
had been trained to respond on only one bar respectively.

As a

result of fighting or simply moving around the chamber, the sub
jects frequently located themselves in front of the other sub
ject's bar.

Blocking access to the bar at the onset of shock may

have been another variable contributing to the high rate of
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fighting.
In addition to determining what effect bar positioning and
training have on cooperative escape, an attempt was made in the
present study to establish a relationship between individual es
cape and cooperative escape behavior.

Therefore, an analysis was

made of individual escape behavior as a possible predictive measure
of effective cooperative escape behavior in the nonsocial and so
cial situations.

Individual escape studies (Santos, 1960; Boren,

Sidman, and Herrnstein, 1959; Dinsmoor, Hughes, and Matsuoka, 1958;
and Dinsmoor, Matsuoka, and Winograd, 1958) have previously shown
that some animals are more effective in escaping shock than others;
i.e., some animals receive less shock.

In a recent study of attack,

avoidance, and escape (Azrin, Hutchinson, and Hake, 1967) it was
observed that as the frequency and duration of shocks increased
the probability of escape or avoidance responding in lieu of
fighting decreased.
The present study was undertaken to determine what variables
might contribute to the effectiveness of cooperative escape in a
social situation, namely, the position of the bars; the bar train
ing; and the effectiveness of individual and nonsocial cooperative
escape in relation to subsequent aggression in the social cooper
ative escape situation.
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METHOD

Subjects

Eight male albino rats of the Sprague-Dawley strain were used
as subjects.

These animals have demonstrated the fighting response

while minimizing physical damage (Ulrich, Johnston, Richardson,
and Wolff, 1963).

All animals were at least 100 days old at the

start of the experiment.

Each animal was watered from a 200 cc

water bottle with a feeder tube, fed Lab Blox Rat Food, and housed
individually.
70° - 80° F.

The animal room was ventilated and maintained at
None of the subjects had prior experience in the

experimental apparatus.

Apparatus

The apparatus was the same as that used by Ulrich (1967) with
the following modification:

the response bars (Verhave, 1958) were

located on opposite sides of the escape chamber 4% inches from the
grid floor and were recessed in the chamber wall to minimize in
advertent contact by the animals during fighting or bounding
around the chamber.

However, the bars were easily accessible

when the appropriate bar press was initiated.

The bars were 1%

inches long and were made of aluminum rod 3/8 inches in diameter.
The pressures required to activate the bars were 40/46 grams.
Audio feedback for each bar press was generated by a Potter and"
Brumfield BU 115 VAC operated buzzer.
7
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The experimental chamber measured 15" x 15" x 14".

When the

clear plexiglas partition was present the chamber was divided into
two equal halves measuring 15" x 7%" x 14" with a bar in each half.
The sides and back of the chamber were stainless steel and the top
and front were made of clear plexiglas to permit experimental ob
servation (See Fig,, 1).
The floor of the chamber was constructed of parallel stainless
steel rods 3/16" in diameter.
from centers.

These rods were spaced 3/4" apart

Through this grid arrangement electric shock was

delivered to the feet of the animals.

This footshock was gener

ated by an Applegate constant current stimulator shock source set
at 2.5 ma which was scrambled by a Davis Scientific Instrument
mercury contact scrambler Model 255.

The use of a 2.5 ma current

has been shown to produce effective escape responding with low
mean latencies (Winograd, 1965; Boren, Sidman, and Herrnstein,
1959; Dinsmoor, Hughes, and Matsuoka, 1958; and Dinsmoor and Hughes,
1956) and a high, stable rate of aggression (Ulrich, Hutchinson,
and Azrin, 1965; Ulrich, Wolff,

and Azrin, 1964; and Ulrich and

Azrin, 1962).
A sound attenuated chamber with a 25 watt frosted light bulb,
a circulating blower, and a 2" speaker which provided white noise
for masking outside noises served as the enclosure in which the
cooperative chamber was located.

This outside chamber measured

25" x 25" x 25" and was equipped with a one-way mirror for exper
imental observation of the subjects in the cooperative escape
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chamber
The data recording and controlling equipment (counters, shock
source, power supply, shock scrambler, relay panels, and electronic
and interval timers) were mounted on a relay rack in an adjoining
room and were cabled through a wall to the experimental chamber.
Fighting and turning responses during observation were recorded by
the observer(s) in the experimental room with two Faymus hand
tally counters Model TK-1.

Procedure

Acquisition of Escape Behavior

The response bars were placed on the sides of the chamber so
that the subjects, when responding, would be back-to-back; and the
subjects were randomly assigned to each bar during the individual
training sessions to reduce the probability of fighting as a re
sult of bar blocking during social cooperative escape.

Subjects

were given individual acquisition training to bar press with the
partition present.

This procedure required one session of acqui

sition training on each side of the partition as it was discovered
that the bar press response did not transfer to the second bar af
ter acquisition on the first bar.

During the acquisition stage

a successive approximation procedure was used to shape this bar
press response; i.e., a hand microswitch was depressed by the
experimenter to terminate the pulsating shock of .5 sec. presented
every .5 sec.

When the shock-shock interval was terminated, the
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subject was rewarded with a 10 sec. shock-free period.

Responses

during this period would neither delay nor prevent the onset of
the pulsating shock period.

After the subject had acquired the

bar press response, the shock-free period was lengthened to 20 sec.
and remained at this level for the remainder of the experiment.
After the acquisition stage (10 sessions) the first of four
distinct phases in the experiment was begun.
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PHASE I

Individual Escape with Partition Present

No cooperative behavior was required in this phase as subjects
were run individually with the partition present for two hours.
The side in which a subject was to be run during each session was
chosen randomly.

The following paradigm was used:

after an ini

tial 20 sec. shock-free period, a pulsating .5 sec. shock every
.5 sec., was delivered to the grid floor.

A bar press by the

subject terminated the shock(s) and the subject was rewarded with
a 20 sec. shock-free period; but responses during the shock-free
period would not prevent or delay shock; i.e., avoidance of
shock(s) was impossible.

The subject therefore had to take at

least a part of one shock every 20 sec.

If the animal responded

during the .5 sec. between shocks, this response would prevent
the presentation of the next shock and would initiate the 20 sec.
shock-free period.

Therefore, the paradigm in the pulsating

shock period would be considered escape-avoidance.

If the rat

did not bar press, shocks would continue for .5 sec. duration
every .5 sec. until a bar press was consummated (See Fig. 2).
Response 1 terminated shocks at Point B which initiated the shockfree reward period at Point A.

Response 2 terminated shock during

the shock-shock interval (no shock) at Point D, thus avoiding the
next shock (dotted line), and initiated the 20 sec. shock-free
period at Point G.
11
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Phase I was used as a baseline for determining the effect of
subsequent cooperative situations upon individual escape behavior.
Four measures of individual escape behavior were taken:

total

responses (bar presses), shock presentations (number of times that
the pulsating shock period was presented), total shocks, and the
latency of the responses from the initial presentation of shocks
until the pulsating shock period was terminated by a bar press.

Results

The individual escape behavior was analyzed on the basis of
two measures:
(1) efficiency of escape; i.e., the per cent or the ratio of
the number of shock presentations to total shocks.

The resulting

percentage indicated the degree to which individual subjects
effectively terminated shock(s).

For maximum efficiency (100%)

a subject would have had to respond during the first second after
the initial presentation of shock.

The first .5 sec. of this first

second would be shock and the last .5 sec. would be no shock.
Therefore, the subject had to respond sometime during the first
second after the initial presentation of shock to maintain 100%
efficiency.

Each successive shock the rat received would lower

its efficiency; e.g., if the rat terminated shock consistently
during the second shock interval (:i.:e.,the rat took two shocks)
for each presentation, its efficiency would be 50% (Resp. 1, Fig.
2).
(2) mean latency of responses: i.e., the average time required
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by the subject to terminate shock after the shock was presented.
To find the mean latency of responses, a ratio of total latency
over the number of shock presentations was used; i.e., total laten
cy/shock presentation.

This measure gave an indication as to where

the responses were occurring during the pulsating shock period and
the amount of shock each subject was receiving.
The analysis of individual escape behavior indicated varia
bility in the efficiency of escape, and in the mean latency of re
sponses between subjects and between sessions.

This variability

was greater for some animals than for others.
Table 1 provides an overall comparison between subjects in
regard to per cent of escape and mean latency of responding.

It

will be noted that these measures are averages for total sessions;
and in order to obtain more reliable data of individual variability,
reference should be made to individual escape graphs which illus
trate intersession variability.

Those subjects which demonstrated

the highest per cent of escape (90% or over) show less variability
between sessions than the efficient subjects.
Subject 428 (Fig. 8 a-c) maintained the most stable inter
session pattern with only two sessions in which the efficiency fell
below 96%.

Twenty-four sessions were recorded with 100% efficiency.

For all sessions, subject 428 averaged .15 sec. in responding after
the initial presentation of shock, which was the lowest mean latency
of responding (see Table 1).

In Fig. 8 a-c it can be seen that

this behavior was quite consistent which means that a full .5 sec.
was rarely, if ever, taken; thus, this animal was exhibiting
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"true" escape behavior.

On the other hand, subject 427 exhibited

the poorest performance.

The average per cent of escape for this

animal was 66.15 and an examination of Fig. 7 a-c indicated wide
variability between sessions.

The line between sessions 33 and

34 indicates where this animal was unsuccessfully paired with
subject 430 which died during the experiment.

Because no other

animals were available for pairing which had had the same coopera
tive experience, it was determined that subject 427 should be re
turned to the individual escape situation (Phase I) at which time
subject 43QA was started in Phase I to replace deceased animal 430.
It will be noted, that following this brief pairing situation the
individual escape efficiency of subject 427 declined and did not
return to the level of efficiency it had maintained prior to being
paired.

Subject 427 had an overall mean latency of responding of

1.23 sec.; in other words, this animal was generally escaping the
second shock (see Fig. 7 a-c).
Table 1 shows highly efficient escape behavior (97.70%) and
a low mean latency of response (.28 sec.) with a stable pattern
between sessions

for subject430A (see Fig. 10 a-c).

Subject 135 had an overallmean latency of .58 and a per cent
of escape of 88.01%.

Figure 9 a-c indicate an initial downward

trend in escape efficiency through Session 35 and then an upward
trend indicating improvement in efficiency.

No clear explanation

can be given for this change as all subjects were being run daily
under the same conditions with no apparent alterations in procedure.
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The data from this subject would suggest that initial trends in
escape responding can be misleading and that over an extended num
ber of exposures to the escape situation,the escape behavior can
improve or stabilize as in the case of subject 423A.
In analyzing the data for subjects 421 and 422, it was noted
that both animals exhibited very compatible response patterns in
per cent of escape (98.6 and 94.03, respectively); but the mean
latency of responding for subject 421 was .17 sec. while subject
422 was slower at .34 sec. However, both animals demonstrated very
similar patterns of escape behavior and both were effective escape
animals (see Figs. 3 a-c and 4 a-c).
Subject 132 showed a high per cent of escape overall (96.10)
and a low mean latency of responding (.31) well within the .5 sec.
of the initial shock presentation (see Fig. 6 a-c).
Animal 423A had demonstrated a rather stable pattern of be
havior for the last 16 sessions and was responding during the .5
sec. between the first and second shock (shown in Table 1);

i.e.,

this subject was exhibiting "avoidance" behavior.
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PHASE I I

Cooperative Escape - Partition Present

The results of Phase I indicated that all subjects had esta
blished effective escape behavior but that each subject was main
taining an individual pattern of escape performance.

These

individual differences in escape behavior, then, were used as a
basis for determining paired subjects for subsequent cooperative
escape situations.
In brief, the four pairings were an attempt to investigate
four combinations of individual escape behavior in the cooperative
escape setting:
(1)

A highly stable and efficient escape subject versus
an unstable and inefficient responder - subjects
428 and 427, respectively.

(2)

Two highly stable and highly efficient responders subjects 421 and 422, respectively.

(3)

A highly stable and efficient escape subject versus
a stable avoidance subject - subjects 132 and 423A,
respectively, and

(4)

A highly stable and efficient responder versus an
unstable responder - subjects 430A and 135, re
spectively.

In comparing individual graphs for subjects 423A (see Fig. 5
a-b) and 132 (see Fig. 6 a-c), it will be noted that subject 423A
had considerably fewer sessions (24) in Phase I than subject 132.
The reason for this discrepancy is explained by the fact that this
subject was a substitute for subject 423 which died early in Phase
16
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I.

Subject 423A was then started in Phase I, but was considerably

behind in total number of sessions during this phase.

To maintain

a continually running schedule and to eliminate the termination of
daily sessions between Phases I and II which might influence the
cooperative behavior in Phase II, subject 423A was paired with
132 despite this discrepancy.

Confidence was placed in this de

cision when the individual escape performance for subject 423A was
analyzed.

It will be noted that for the last 16 sessions in Phase

I this subject demonstrated a stable pattern of escape behavior.
Slight differences between the number of sessions between
pairs was due to some equipment failure and maintenance.
The paradigm for this nonsocial phase (see Fig. 25) was simi
lar to Phase I with these additional requirements:

(1) both bars

had to be pressed to terminate shock (see Fig. 25, Points 1 and 2,
and A), (2) both responses had to be completed within 15 sec. of
each other, otherwise the first response was cancelled and both
subjects were again required to initiate a response with 15 sec.
(see Fig. 25, Points 3, 4, 5, B, C, D, and E). Response 3 was
cancelled at Point B, because no response was made on the other
bar within 15 sec. after Response 1.

Response 4 and 5 were com

pleted within the 15 sec. time limit thereby resetting the 15 sec.
timer at Point C and terminating the shocks at Point D and ini
tiating the 20 sec. shock-free period at Point E.
By requiring both bars to be pressed in order to terminate
the shock and initiate the 20 sec. shock-free reward period, put
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the less efficient responding animals in control of terminating
the shocks; because even though the more efficient escape animal
responded sooner, it was not rewarded for that response until the
slower animal responded.

Therefore, subjects which had previously-

received less shock than its partner in the individual escape situ
ation were now receiving shocks compatible to the less efficient
responder.
Paired animals were randomly assigned to either side of the
partition for each session.

Results

Table 2 summarizes the data from Phase II for each pair of
subjects.

With the exception of paired subjects 427 and 428. the

efficiency of escape fell below the baseline level for the less
efficient escape animal of each pair; and, conversely, the-mean
latency of responses was above the level established for each
subject prior to being paired.
For subjects 427 and 428, some improvement in the behavior of
subject 427 was indicated.

However, the decrement in the escape

behavior of subject 428 (baseline 99.1% and .15 sec.) indicates
the effect of requiring both animals to respond to escape shock
when the individual escape behaviors are noticeably different.
Subject 428 was receiving more shock in the cooperative situation
than it had received during the individual escape situation. Fig
ure 17 does indicate variability between sessions but does not
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show a trend line which would suggest a decline in cooperative
behavior.
The cooperative behavior for subjects 430A and 135, however,
does indicate a deterioration of cooperative escape (see Fig. 20),
and the mean per cent of escape and mean latency of responses
showed the most change from each subject's baseline escape behavior.
This pair was now receiving more shocks than either animal had re
ceived prior to being paired.
Subjects 423A and 132 (avoider and escaper, respectively)
showed an overall decline in cooperative escape for both animals
when compared to their individual escape behavior (Table 1 and 2).
However, Fig. 14 indicates that their cooperative escape behavior
was improving though variability between sessions similar to the
individual escape behavior of subject 430A was observed.

The

overall data indicated that cooperatively they were responding
during the second shock.
The most stable cooperative behavior was recorded for subjects
421 and 422 (see Fig. 11).

While both animals were receiving more

shocks, their efficiency remained high (93.9%) and their latency
of responding was low (.54 sec.).

Table 2 shows that their overall

performance was noticeably higher than the other three pairs.
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PHASE I I I

Cooperative Escape - Partition Removed

This phase was the social situation in which the paradigm
remained the same as in Phase II (see Fig. 25) with one exception:
the plexiglas partition which had previously separated the animals
was removed and the subjects were permitted full access to one
another during the sessions.

This phase measured whether the

alternate response (bar pressing) would be maintained in a social
situation in lieu of fighting to shock.
Observers were used during this phase of the experiment to
record fights.

Fights were recorded by hand tally counters any

time the animals were:

in the stereotyped fighting posture (in

an upright position, standing on their hind feet); facing each
other; and striking with their front feet or biting each other.
A brief pause was required between each striking movement before
another fight response was recorded (Ulrich and Azrin, 1962).

A

reliability check was taken which showed 96% agreement between
observers in the recording of fights.

The length of each session

was two hours except in cases where serious physical damage was
observed in either subject at which time the session was terminated.
In addition to recording the number of fights, a record was taken
of the number of turns made by each pair.

A turn was defined as

a turning movement away from each other prior to (within 5 sec.),
20
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or just at the onset of shock which did not result in a fight.
The subjects had to be in a position which increased the probabi
lity of fighting when shock was presented; i.e., in close proximity
or touching

one another or in the stereotyped fighting posture.

Results

Table 3 shows that subjects 430A and 135 demonstrated the
poorest escape behavior (21.6%) and the highest mean latency of
responding (10.51 sec.).

Figure 21 indicates a steady decline in

their per cent of escape and a corresponding increase in their mean
latency of responding.
In Fig. 23 it can be seen that this pair exhibited the highest
rate of fighting per minute and in Fig. 24, they also exhibited the
highest number of turns per minute up to session S.

But, from

session 9 to 14, fighting per minute noticeably increased (see
Fig. 23) and turns per minute noticeably decreased.

Figure 21

indicates a steady decline in escape efficiency between sessions
corresponding to the increased rate of fighting.

During these

sessions extensive physical damage was observed with no session
lasting more than 35 minutes.
Figures 23 and 24 indicate a direct relationship between
fights and turns toward the bar to an indeterminant point after
which the relationship becomes negatively related where fights
increased and turns decreased (subjects 430A and 135).

While

no definitive statement can be made as to the specific point at
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which the escape behavior will no longer predominate over the fight
ing behavior, it may be suggested from Fig. 21 that when the effi
ciency of cooperative escape drops below 30% and the latency of
responding exceeds 3.5 sec., the probability of effective escape
behavior would appear to noticeably decrease.
Better cooperative escape behavior was shown by subjects
423A and 132.

Table 3 indicates that this pair was receiving ap

proximately two shocks per presentation (50.8%) with an average
mean latency of 1.73 sec. which was approximately .5 sec. slower
than with the partition present (Phase II). The average for fights
per minute was .47 and the average for turns per minute was 1.08.
These data indicated that social interaction was occurring but did
not predominate over the escape behavior.

It was further observed

that each subject established a preference for a particular bar
after a number of sessions.

This behavior sometimes resulted in

a fight during the shock-free period when either subject would
move within close proximity to the other's bar.

However, most of

the fighting of this type occurred to shock; e.g., in session 15,
27 of the 51 fights recorded occurred to shock while the remaining
24 occurred during the shock-free periods.

Figure 23 shows a

rather stable rate of fighting per minute; and a stable turn pat
tern appears to have been established.
Subjects 427 and 428 established an efficiency pattern similar
to subjects 423A and 132.

Table 3 shows that their overall average

for per cent of escape was higher (59.6%) and their average latency
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of responding was lower (1.35).

However, their average fights per

minute was 1.03 and their average turns per minute was .86.

Their

overall escape behavior was better than subjects 423A and 132, but
they had more fights and more turns.
consistency of the data can

The explanation for the in

be explained and quantified from a

sampling of three sessions.For these three
the fights occurred at the onset of shock.

sessions, only 16% of
While the fights dur

ing the shock-free period met the fighting response criteria, they
were less vigorous and less

intense thanthe fighting which occur

red to shock.

for subjects427 and 428 during the

The fighting

shock-free period was unlike the fighting for subjects 423A and
132, and did not appear to be a function of "bar preference','.

For

subjects 427 and 428, Fig. 23 shows a rather stable rate of fight
ing and Fig. 24 indicates a similar pattern of turns for the en
tire phase.

Figure 18 indicates relatively stable overall perfor

mance; i.e., more stable than Phase II.
The most effective pair in this phase were subjects 421 and
422.

Table 3 shows an average per cent of escape of 79.1 and a

mean latency of responses of .83 sec.

Figure 12 shows their pat

tern of behavior for this phase was below their Phase II perfor?mance but considerably higher than the other three pairs.

They

also exhibited more variability in this phase than previously re
corded.

This pair recorded the fewest fights per minute (.035)

and the fewest turns per minute (.808).
horizontal fight pattern.

Figure 23 shows an almost

Of the total number of sessions (21),
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five sessions had no fights with a high of only 18 fights for ses
sion 11.

In Fig. 24 it will be noted that this pair also had a

pattern showing fewer turns per minute/session.

Observations of

these animals confirmed what the data suggests; i.e., this pair
of animals spent considerable time in close proximity of the re
sponse bar.

In addition, the fighting which did occur usually

occurred at the beginning of the session when the first shock was
presented and when both animals were attempting to respond on the
same bar.

After a brief flurry of fighting, one of the animals

would move to the other bar and each would remain at their respec
tive bars for the remainder of the session.

Thus, bar switching

did not occur with this pair which was observed with the other
pairs.

Bar switching usually occurred as a result of fighting

and moving around the chamber.
In comparing the results of this Phase with those of Phase II,
it will be noted that certain patterns in cooperative escape in the
nonsocial situation appear to be influencing cooperative escape in
the social setting.
most

Paired subjects 421 and 422 demonstrated the

efficient escape in both phases and also had the lowest rate

of fighting in Phase II.

Contrariwise, subjects 430A and 135

showed a deterioration of cooperative behavior in Phase II (see
Fig. 20) which appears to have influenced the inefficient escape
performance and high rates of fighting in Phase III.

Paired sub

jects 423A and 135 and paired subjects 427 and 428 have maintained
comparable behavior patterns in both phases.

No discernable
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difference of performance was obtained from these two pairs.

Their

data occurs between the extremes of the other two pairs.
It will be noted that in all cases the efficiency of escape
declined when the partition was removed in Phase III,

even for

subjects 421 and 422 which had demonstrated very little fighting.
It might be argued that this decrement in performance was due to
the removal of the partition rather than to the presentation of
the other animal; so to test this possibility, subjects 421 and
422 were each placed in the individual escape situation but this
time with the partition removed.

Each was run for 14 individual

sessions (these sessions were run following Phase IV). The mean
latency of response for subject 421 was .37 sec. and the mean per
cent of escape was 95.8% as compared with .17 sec. and 98.6% in
Phase I.
I

For subject 422, the mean per cent of escape was 94.5%

and the mean latency of response was .35 sec. while in Phase I
the results were 94.03% and .34 sec., respectively.

The results

of this test would strongly suggest that the decrement in the es
cape performance in Phase III was indeed caused by the presence
of the other animal rather than the absence of the clear plexiglas
partition.
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PHASE IV

Cooperative Escape - Partition Present

The partition was replaced and the paradigm was the same as
in Phase II.

Results

By again separating the paired subjects with the plexiglas
partition, it was expected that cooperative escape behavior would
return to the pre-social level of Phase II.

However, none of the

pairs were as effective in Phase IV as they had been in Phase II.
Paired subjects 421 and 422 showed a slight decrease in mean per
cent of escape and a corresponding increase in mean latency of
response (see Tables 2 and 4).

By comparing Fig. 11 (Phase II)

and Fig. 13 (Phase IV), an increase in variability between sessions
was noted.
On the other hand, subjects 427 and 428 also showed a similar
change in latency and per cent of escape (see Tables 2 and 4) but
Vhen Phase II (Fig. 17) was compared with Phase IV (Fig. 19), it
was noted that Phase IV indicated less variability between sessions
than Phase II.
Tables 3 and 4 indicate a noticeable improvement in the co
operative escape behavior of subjects 430A and 135 from Phase III
but a considerable decrease in the mean per cent of escape and an
increase in mean latency of response when compared with Phase II.
26
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Observations of and data from this pair of animals (see Fig. 22)
indicate that the deterioration of effective escape behavior in
Phase III has strongly affected their cooperative escape behavior
in Phase IV; i.e., during Phase III, the increased number of shocks
received, the amount of disruptive behavior (fighting), and the
decrease in the amount of reinforcement (no shock) have systemati
cally extinguished effective escape behavior (see Fig. 21).

In

analyzing the data for subjects 423A and 132 in Phase IV, it is
noted from Tables 3 and 4 that these animals exhibited less effec
tive escape behavior than in Phase III.

Figure 16 shows, after

session 3 in Phase IV, a general decline in effective cooperative
escape.

Observations of their behavior in the chamber explained

the reasons for this decrement in performance.

Subject 132 was

not responding and it appeared that this animal had learned to
avoid shock by standing with both hind feet on one grid bar and
placing its front feet either on the clear plexiglas partition or
the front window thereby lessening the probability of being shock
ed.

The effectiveness of this behavior was especially noticeable

in sessions 11, 12, and 15.

By increasing the shock intensity

in session 16, effective escape behavior was reestablished.
fore, this pair was discontinued after session 17.
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There

DISCUSSION

The present study was a partial replication of a previous
study (Ulrich, 1967) dealing with cooperative escape and aggres
sive behavior with three changes in experimental design; namely,
(1) training of subjects to respond on both bars, (2) positioning
of the bars so that the subjects were back-to-back when responding,
and (3) increasing the length of training.

The degree to which .

these variables contributed to the improved escape behavior rela
tive to the Ulrich (1967) study is reflected by the noticeable
decrease in fighting and the enhanced interphase escape performance.
While the delineation of the affects that experimental changes 1
and 3 had upon social cooperative escape cannot be definitely
stated, the incomparability of the responses (fighting or escaping)
was specifically enhanced by the location of the response bars
when the amounts of fighting between the most effective cooperative
escape pair from the Ulrich (1967) study was compared with the most
efficient cooperative pair in the present study.
Ulrich noted that with the most efficient subjects in his
study "escape responding frequently occurred while the subjects
faced each other from the stereotyped fighting posture.

When the

shock came on, the animals would often strike at one another and
almost immediately press the bar", (page 316).

The fact that the

bars were positioned side-by-side and were in close proximity
allowed this type of behavior to occur.

In the present investi-

28
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gation, the bars were located on either side of the chamber which
made it impossible for escape and fighting behavior to occur at
the same time.

The manipulation of this specific variable, then,

might explain the reduction in the rate of fighting between the
two pairs.
In addition to specific variables manipulated in the present
study, there were changes made in the measurement of escape per
formance.

In the Ulrich study, no quantitative measures were

obtained which specifically relate to the efficiency of escape
responding and the latency of responses.
were:

The two measures taken

(1) the response rate per minute and (2) the shock rate per

minute.

The latter measure^gives a more reliable indication of

■I
escape performance but only estimates the amount of shock received
because specific latency of response measures were not obtained.
The former measure, response rate, indicates how many responses
the animal made to escape shock but does not indicate the effec
tiveness of the responses in minimizing the amount of shocks
received or the efficiency of escape.
The importance of obtaining data concerning the latency and
amount of shocks received when studying alternate responding in
stead of fighting is reflected in a recent study of attack, avoid
ance, and escape (Azrin, Hutchinson, and Hake, 1967).

Results

indicate that the frequency and duration of shock have a direct
relationship to fighting; i.e., as the frequency and duration of
shock increase, the probability of fighting will increase.

The

general rule proposed by authors states that "the amount of attack
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during a shock escape or avoidance procedure is determined by the
frequency and duration of the shocks actually received under that
procedure" (page 145).

As a predictive rather than a concurrent

measure, this rule would suggest that those pairs of subjects which
have exhibited more effective escape responding (minimizing shocks.'
received) in the nonsocial situation would'demonstrate better es
cape behavior and less fighting in the social cooperative escape
situation than those animals with less effective escape behavior in
the nonsocial cooperative escape situation.

Therefore, if fighting

versus cooperative escape behavior is a function of the frequency
and duration of shock, then the mean latency of responses would be
the most relevant measure for predicting the performance of paired
subjects in the cooperative escape situation with the partition re
moved rather than responses per minute, shocks per minute, or even
the per cent of escape.

The results obtained in the present study

would give tentative support for the previous findings and the
general rule proposed by Azrin, Hutchinson, and Hake (1967).

How

ever, if this general rule is to be used as a predictive measure
of cooperative escape from individual escape, it appears necessary
to add a qualifying statement concerning the similarity of response
latencies between paired subjects; i.e., the lower the latency of
responses (or, conversely, the less shock received) in the indi
vidual escape sessions and the more similar the latencies between
subjects, the lower the probability of fights occurring in the
social cooperative situation.

This statement seems particularly

relevant when the latencies of response pattern between" paired
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subjects are extremely different.

While no definitive statement

can be made concerning the interaction of an effective escape
animal, data currently being obtained from paired subjects which
were both ineffective in the individual escape situation show much
higher rates of fighting than the paired subjects in the present
study in which an effective escape animal was paired with an in
effective escape animal.

These data suggest that the more effec

tive animal did, indeed, lower the rate of fighting.
Of particular concern is the fighting which occurred during
the shock-free period in varying degrees of frequency between
paired subjects.
(1967) study.

This phenomenon was not observed in the Ulrich

This area requires further study to determine the

variables influencing this behavior such as individual escape be
havior prior to being paired.

Even more important is the problem

of obtaining quantitative measures which will differentiate quali
tative differences in the fighting responses; i.e., how vigorously
do the animals fight.
In conclusion, it appears that the effectiveness of a learned
alternate response by paired subjects in lieu of fighting in the
presence of an aversive stimulus dependent upon the degree to
which that alternate response has previously, and is presently, ob
taining reinforcement; i.e., the termination of the aversive event.
When a social situation requires cooperative responding to ter
minate the aversive event, the probability of successful escape
under this contingency can be no better than the efficiency of
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the less effective responder and the stability of cooperative es
cape behavior in the nonsocial situation.

If the efficiency of

cooperative escape behavior in the nonsocial situation tends to
deteriorate, the probability of effective cooperative escape be
havior in the social situation decreases.

Therefore, in predict

ing whether escape behavior or fighting will occur in a cooperative
social setting, consideration should be given to (1) the type of
bar training, (2) the position of the bars, (3) the length of
training, (4) the effectiveness of individual and nonsocial cooper
ative escape, (5) the similarity in escape behavior between subjects,
and (6) the trend in nonsocial cooperative escape behavior.
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TABLE 2
Cooperative Escape, Partition Present (Phase II)

Subjects

Mean % of Escape

Mean Latency of Response (in sec)

421 & 422

93.9

.54

423A & 132

62.5

1.27

68.7

1.18

69.5

1.06

427 & 428
430A & 135

s
J

(jO
4>
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TABLE 3
Cooperative Escape, Partition Removed (Phase III)

Subjects

Mean % of
Escape

Mean Latency
of Response
(in sec)

Mean Fights
Per Minute

Mean Turns
Per Minute

421 & 422

79.2

.83

423A & 132

50.8

1.73

.47

1.08

427 & 428

59.6

1.35

1.03

1.52

430A & 135

21.6

10.51

3.65

.86

.035

.81

(

u>
Ul
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TABLE 4
Individual Escape, Partition Present (Phase IV)

Subjects

Mean °L of Escape

Mean Latency of Response (in sec)

421 & 422

91.6

.60

423A & 132

39.6

3.04

427 & 428

65.6

1.21

430A & 135

50.9

1.61

ON
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^

Fig. 1

Escape Chamber With Partition Present
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